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The donor-acceptor equilibria involving 2,3-dicyano-
l,4-naphthoquinone (DCNQ) and some aromatic hydro-
carbons and amines have been investigated spectro-
photometrically. The stoichiometry of the complexes
with amines has been shown to be 1: I, instead of
2: 1 (donor: acceptor), as in the case of the unsubsti-
tuted l,4-naphthoquinone.
IN an earlier paper", we had reported the results
of our investigations on donor-acceptor inter-
actions with 1,4-naphthoquinone, with particular
reference to the stoichiometry of its complexes
with N-methylaniline and N,N-dimethylaniline in
various solvents. It was observed that these com-
plexes were predominantly 2: I in stoichiometry.
The introduction of some electron-withdrawing
substituents such as cyano- and chloro- in the 1,4-
naphthoquinone -e-systcrn in appropriate positions
may give rise to new aud better acceptors and the
effect of this substitution will be dependent on the
number, location and clcctronegativity of the substi-
tncnt. The acceptor behaviour may also differ
with the nature of the donor molecules and affect
the stoichiometry of the complexes formed. With
a view to understanding the effect of the substi-
tuents, we have studied the complexes of 2,3-di.-
cyano-l,4-naphthoquinone (DCNQ) with some
aromatic hydrocarbons and amines as donors, in
dichloromethane solutions.
In view of the inadequacy of the Bencsi-
Hildebrand treatment-, where the linearity of the
plots are not a sufficient evidence of 1: 1 stoichio-
metry>", the optical data were subjected to the
Rose-Drago treatments, as ill our earlier work-,
The values of the formation constants K; and the
molar absorptivitics €c were obtained from a least
square treatment of the data, on the basis of
Eq. (1):
C;C; 1 C;-+·C;- = --- + -_._._- ...(1)
A' Kc€c lie
where CA and CD are the initial concentrations of
the acceptor and donor respectively, and A' the
measured absorbance of the complex. The results
are summarized in Table 1.
The results show that the aromatic x-donors,
such as p-xylene, mesitylene and durene give 1: 1
complexes with DCNQ. The values of K, and €c
for these complexes are in accordance with the
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TABLE 1 - FORMATION CONSTANTS,
THE MOLAR ABSORPTIVITIES AND ABSORPTION MAXIMA OF
THE CO~IPLEXES WITH VARIOUS DONORS AT 24°
Donor Amax c~ (i\-I)
(nm)
Ke
(litre
mole ")
fC X 10-3
(litre
mole"!
cm")
p-Xylene
Mesitylene
Durene
Aniline
o-Toluidine
m-Toluidine
p- Toluidine
N-Methylaniline
N,N-Dimethyl-
aniline
460
460
510
600
660
620
650
650
725
0·0795-0·5964
0·0430-0·3765
0·0154-0·0846
0·071 0-0·4495
0·0390-0·1950
0-0295-0·2755
0-0491-0·1965
0·0236-0·1413
0·0421-0·2316
1·867
2·129
4·599
1·799
2·162
2-067
2-307
3·667
2·625
0·924
1·79
2·36
1·65
3-21
3·15
3·14
2·14
3·23
known effect of the methyl substituent on the donor
properties of the molecule. On the other hand,
these aromatic donors show little sign of charge-
transfer interaction with the unsubstituted
1,4-naphthoquinoue acceptor". Even the most
substituted hexamcthyibenzene gives only a very
weak complex with this unsubstituted acceptor".
The nitrile substituents, therefore, cause a pro-
nounced increase in the acceptor strength of
1,4-naphthoqui.none_
The interaction of DCNQ with the aromatic
arnines shows a very interesting behaviour. It has
been observed that the 1,4-naphthoquinone acceptor
give.s charge-transfer absorption bands with
N-methylaniline and ~,N-dimethylaniline in the
region 0 f 450-470 nm 1• A spectrophotometric
investigation of these bands has confirmed the 2: 1
stoichiometry of these complexes'. This has been
explained on the basis of an intermolecular inter-
action involving the lone pair electrons of nitrogen,
which form a -e-island in conjugation with the ring,
rather than the re-electrons of the aromatic rings.
In contrast, the DC~Q acceptor gives the charge-
transfer absorption ill the much longer wavelength
region (Table 1), with the above donors. These
system'> give perfectly good linear plots in accor-
dance with the Rose-Drago equation for 1: 1 com-
plex. The same general behaviour is also observed
in the case of aniline and the toluidines, The nitrile
substituents seem to affect the acceptor behaviour
of 1,4-naphthoquinone in such a way that the
intermolecular interaction now involves the aromatic
rr-electrous of the donor rather than the lone pair
electrons of nitrogen. The long wavelength absorp-
tion seems to be characteristic of this type of
interaction and has been earlier reported by Dregeris
et al.9 in some amine bridge systems of 1,4-naphtho-
quinone. Thus, it appears that the introduction of
the nitrile substituents in 1,4-naphthoquinone not
only affects the strength of the acceptor but alters
the stoichiometry of the complexes formed in the
case of same class of donors.
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The compliance constants and force constants of
trthatogen complexes, MX~ [M=Zn(II), Cd(II), and
Hg(II); X=CI. Br] and of Cd[~ have been calculated
and the data support a pyramidal structure for these
complexes as proposed by Waters et at. [J. molec.
Structure, 17 (1973). 389].
VERY recently Muthukumar et at.1 have reported
the force and compliance constants of some
metal (IIb)-halogen coordinated bonds employing
NOTES
vibrational data of the ions in tri-s-butylphosphate
(TBP). The complex ions MX; (M = Zn, Cd, Hg;
X = Cl, Br, I) are planar in free state, but in
solution in TBP Waters et al», on the basis of the
spectral activity of the bands, have pointed out that
the planar structure of most of the complex ions 2.\IX3
is disturbed. They explained the distortion caused
by the perturbation with the basic solvent. On the
basis of infrared and Raman spectra of these com-
plexes in TBP solution, they proposed the pyramidal
structure to most of the lVIX; ions. Sanyal et al.3
have recently reported the force constants and
vibrational amplitudes of these complexes assuming
proposed pyramidal configurations with tetrahedral
angles. In the present note it is aimed to report
the compliance constants along with the force COIl-
stants for lVIX; (1\1= Zn, Cd, Hg; X = CI, Br) and
Cell; ions assuming proposed pyramidal structure.
The compliance and force constants have been com-
puted following the secular equations: IG-IC -¢E: =0
(ref. 4) and iGF -AE;=O (ref. 5) respectively, where
the symbols have their usual meanings. The
results are summarized in Table 1. The results
of previous calculations! have also been incorporated
in Table 1 for comparison.
A comparison of C, values, corresponding to
metal-halogen coordinated bond among the ions,
keeping the central metal the same, shows that ~he
flexibility of the coordinated bond increases With
the decrease in the electronegativity of the ligand
atom. It is interesting to note that C, values
decrease in moving from pyramidal to planar struc-
tures while Ca values show opposite trend. It is
therefore concluded that the coordinated bond is
more flexible in pyramidal than in planar structures
as expected. The corresponding metal-halogen force
constants also support this conclusion. The inter-
action of the basic solvent with ions disturbs the
planarity of ions, as a result, the orbitals between
the metal and ligand rearrange themselves such that
loosening in the bond occurs. Thus on the basis of
the present computed results it is concluded that
the structure of MX; ions is most probably pyra-
midal as proposed by Waters ct al.2•
TABLE 1 - COMPLIANCE CONSTANTS (A. melyn-1) AND FORCE CONSTANTS (mdyn A.-I) FOR TRIHALOGEN COMPLEXES
zncr, ZnBr; caci, CclBr. Cd I:; HgCl, HgBr;
C, 0'8277 0·9895 0·8276 1·0177 1·2234 0·6618 0·7690
(0'8221) (0'9573) (0·8256) (1,0007) (1-1787) (0'6628) (0,7662)Ca 8·4171 106807 16·0845 16·5845 19'6894 24'7182 26·1768
(8'9767) (108577) (16'9055) (17'3586) (20'2061) (27-4445) (29,0782)=c.. 0·0533 0·0483 0·0399 00377 0·0225 0·0416 0·0441-Caa 1·8046 1·3730 3·6241 3·1052 2·6935 7·9831 7·5185
Cra 0·0701 0·0594 0·0540 0·0718 0·0490 0·0329 0·0577
-C' 0·4527 0·8501 0·3092 0·6544 1·0095 0·1568 0·3412fa
f, 1'2560 1·0916 1·2230 1·0116 0·8551 1·5262 1·3176
(1'2955) (1-1775) (1,2414) (1·0539) (0'9146) (1'5368) (1'3463)
fa 0·1386 0·1047 0·0720 0·0678 0·0555 0·0586 0·0500
(0·0517) (0·0448) (0'0266) (0'0265) (0'0235) (0,0162) (0,0154)
frr 0·0854 0·0599 00612 0·0394 0·0188 0·1024 0·0805
faa 0·0377 0·0158 0·0209 0·0156 0·0090 0·0279 0·0202
t-: 0·0109 0·0113 0·0031 0·0059 0·0058 0·0033 0·0051.: 0·0708 0·0891 0·0245 0·0418 0·0453 0·0115 0·0198
Values in parentheses are from ref. 1.
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